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and an exclusion bypass graft, yet the transperitoneal AAA
repair is still the standard method used by most vascular
surgeons in the treatment of patients with AAAs.8,9 In
laparoscopic endoaneurysm surgery, techniques identical
to open surgery are used, except that only a mini-incision
is required. The objective of our study was to prove that
with the technological advancements described, laparo-
scopic techniques can routinely be offered as an alterna-
tive, less invasive treatment to patients unsuitable for
endovascular AAA repair.
MATERIAL AND METHODS
During the study period (January 1998 until October
2000), 40 patients were referred to us for endovascular
AAA exclusion. Endovascular therapy was explicitly pre-
ferred by each patient, each patient’s referring physician,
or both. No treatment was performed in three patients
because of end-stage cancer or advanced cardiopulmonary
disease. During the study period, endovascular AAA exclu-
sion was performed in one patient with advanced cardiac
disease for compassionate reasons. This patient was
excluded from the comparative study. Only patients who
were suitable for an open repair were included in the
study. A total of 37 patients were finally evaluated for
endovascular AAA exclusion. All patients were investi-
gated by means of spiral computed tomography scan and
angiography to determine the feasibility of an endovascu-
lar repair. Endovascular AAA exclusion was finally per-
formed in 13 patients. Laparoscopic AAA resection was
Laparoscopic techniques were first applied to vascular
surgery in 1993.1 However, such an approach has not been
widely used as a minimal invasive alternative in patients
unsuitable for endovascular aneurysm exclusion.2-4 In
some vascular centers, endovascular abdominal aortic
aneurysm (AAA) exclusion is already offered to most
patients with AAA. Because of the technical limitations of
the device, a certain number of patients with aneurysms
are still unsuitable for an endovascular repair. Searching
for a total minimal invasive approach to treat patients with
AAA, we wanted to evaluate whether laparoscopic tech-
niques could routinely be performed as an alternative.
Hand-assisted laparoscopic surgery (HALS) is a novel
technique that enables the surgeon to use his tactile senses
while maintaining a pneumoperitoneum.5,6 We have
recently reported our experience with HALS in patients
with occlusive disease.7 Our initial results encouraged us
to perform laparoscopic aneurysm resection with HALS
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Objective: So far, endovascular surgery has been the only minimal invasive way to treat patients with abdominal aortic
aneurysms (AAAs). With hand-assisted laparoscopic surgery (HALS), laparoscopic transperitoneal endoaneurysm
repair can be performed through a 6-cm mini-incision only. We wanted to evaluate whether this laparoscopic technique
can be offered as a minimal invasive alternative in patients unsuitable for endovascular AAA repair.
Material and Methods: Forty patients were referred for endovascular AAA repair. Three patients had to be excluded from
the study. Endovascular AAA exclusion was finally performed in 13 patients. Laparoscopic AAA resection was per-
formed in 24 patients. Hand-assisted laparoscopic surgery with transperitoneal access and endoaneurysm repair was
accomplished in all patients unsuitable for an endovascular procedure. The outcome after endovascular repair was com-
pared with the outcome of patients who underwent laparoscopy.
Results: In the laparoscopic group, conversion to an open procedure was necessary in one case. One patient in this group
died (4.1%) postoperatively. There were four complications in each group. In the endovascular group we had one
endoleak type II and one graft thrombosis, which required a reoperation. After endovascular treatment, patients were
transferred significantly less frequently to the intensive care unit, and they could resume oral feeding earlier.
Mobilization and postoperative hospital stay did not differ significantly between the groups. 
Conclusion: Laparoscopic AAA resection with the use of the technique described can be routinely offered to patients
unsuitable for endovascular AAA exclusion with excellent long-term results similar to open surgery. A controlled study
is clearly indicated to evaluate the role of laparoscopic techniques in aneurysm surgery. (J Vasc Surg 2001;34:216-21.)
offered as a less invasive alternative in the remaining 24
patients. The choice of endovascular or laparoscopic
aneurysm repair was based solely on the shape of the
aneurysm. The institutional review board approved the
study, and informed consent was obtained in all cases. 
Exclusion criteria for endovascular AAA exclusion.
In 16 patients (66.6%) the primary reason for ineligibility
for endovascular AAA repair was related to the neck,
which was either too short or too large. In the remaining
eight patients (33.3%), the reason for exclusion was
related to the iliac arteries. 
Coil occlusion or overstenting of both internal iliac
arteries was not performed. If necessary, overstenting of the
renal arteries was carried out. Indication for surgery was a
diameter of at least 5 cm or rapid growth of the aneurysm
according to duplex scans performed every 6 months.
Each patient was followed up longitudinally, and data
about length of stay (LOS) and postoperative complications
were recorded. The postoperative complications included
ileus, which was defined as prolonged nasogastric intuba-
tion (> 72 hours) because of a delay in bowel function as
documented with diffuse bowel dilatation without evidence
of obstruction. Postoperative LOS was defined as the time
from the date of the operative procedure to the date of dis-
charge, transfer to a subacute service, or death, whichever
came first. Pneumonia was diagnosed according to the clin-
ical findings and to a pathologic chest radiograph.
Operative technique. HALS and a transperitoneal
access with a midline mini-incision of 6 to 7 cm were used
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in all patients in the laparoscopic group. HALS was per-
formed with the HandPort (HandPort; Smith & Nephew
Surgical, Andover, Mass) device. The operative team con-
sisted of two vascular surgeons comfortable with advanced
laparoscopy and a scrub assistant.
The operation was performed after intubation of the
patient and the establishment of controlled ventilation. A
standard hemodynamic monitoring, including a central
venous catheter and an arterial line, was required. The
patient was placed in a supine position on the operating
table (Fig 1). Initially, a pneumoperitoneum was created
after an infraumbilical trocar was inserted in an open tech-
nique. If necessary, adhesions were dissected after place-
ment of a second 10-mm port. The template for the
HandPort was traced on the abdominal wall with the
abdomen insufflated, which allowed for use of an incision
of minimal size, an airtight fit, and optimum planning in
the placement of the ports (Fig 2, A and B). Subsequently,
a 6-cm transperitoneal midline incision was made, and the
HandPort was inserted. The airtight seal was attached to
the abdominal wall, which enabled the surgeon to use his
hand while maintaining the pneumoperitoneum. The pro-
tector retractor device has an open-ended cylinder with a
flexible ring at each end. One ring was inserted through
the incision into the peritoneal cavity, and the other
remained outside the incision. The retractor holds the
incision open. The surgeon could introduce his nondom-
inant hand through the minilaparotomy into the abdomi-
nal cavity. The surgeon’s hand helped in exposing the neck
of the aneurysm and the common iliac arteries. The infe-
rior mesenteric vein was divided between staples. If neces-
Table I. Systemic and local complications
Laparoscopic group Endovascular group
(n = 24) (n = 13)
Mortality rate (%) 1 (4.1)
Complications
Pneumonia 1
Arrhythmia 1
Ileus 1
Graft thrombosis 1
Endoleak II 1
Lymphatic fistula 1 1
Transient renal failure 1
Total(%) 4 (16.6) 4 (30.7)
Table II. Operative procedures
Laparoscopic group Endovascular group
(n = 24) (n = 13)
Tubegraft 13 1 Stentor
Bifurcated graft 11 4 Vanguard/Talent
Aortouniiliac graft 8 Talent
Femorofemoral 8
crossover graft
IMA replantation 3
Suprarenal fixation 6
Fig 1. Placement of HandPort and laparoscopic trocars.
Triangulation of ports allows optimal handling of instruments
and of nondominant hand of surgeon.
sary, several items were introduced into the abdomen,
including a laparotomy sponge to facilitate retraction and
absorb blood, as would be used in an open operation.
After laparoscopic exposure of the aneurysm and the iliac
arteries, heparin was given (Fig 3, A and B). 
When dissection of the aorta was completed, the pro-
tector retractor device was removed, and two 2.5-cm
blades of a conventional retractor (Omnitract, St Paul,
Minn) were inserted, as shown in Fig 2, B. The aorta was
cross-clamped with a conventional vascular clamp that was
introduced through a 1-cm stab incision in the epigas-
trium. After cross-clamping the infrarenal aorta, we tried
to clip as many lumbar arteries as were accessible. A bull-
dock clamp occluded the inferior mesenteric artery
JOURNAL OF VASCULAR SURGERY
218 Kolvenbach et al August 2001
(IMA). A tube graft was used whenever possible. The
anastomosis was sutured with conventional instruments;
the mini-incision was used as an access. Laparoscopic
sponges and the conventional retractors prevented the
bowel from obstructing the view. In patients with iliac
artery aneurysms, the distal anastomosis was performed
with the common iliac artery.
If, for technical reasons, this could not be accom-
plished, two oblique incisions were made above the
inguinal ligament, and an anastomosis with the external
iliac artery was performed after ligation of both common
iliac arteries with a stapler (Ta30; US Surgical), a tech-
nique originally described by Edoga for laparoscopic AAA
exclusion. When we could not suture the distal anastomo-
sis under direct vision using the mini-incision as an access,
we used a laparoscopic approach with conventional instru-
ments and a gasless technique. Guided by the endoscope
and the image on the monitor, we passed the instruments
Fig 2. A, Operating room setting. Surgeon is standing on right
side of patient. He has introduced his left nondominant hand into
abdominal cavity. First assistant holds laparoscopic camera and
laparoscopic clamp to retract left hemicolon. B, Table-mounted
retractor with laparoscopic camera. Conventional aortic clamp is
inserted through stab incision in epigastrium. Camera helps illu-
minate operating field.
Fig 3. A, Neck of aneurysm with accessory left renal artery (long
black arrow). Nondominant hand of surgeon retracts the bowel.
B, Both common iliac arteries are exposed. With laparoscopic
clamp the sigmoid colon is retracted (black arrow).
through the minilaparotomy, and with a conventional
needle holder the distal anastomosis was completed. Graft
configurations for laparoscopic repair were either tubes or
bifurcated, depending on the presence or absence of
aneurysmal disease at the iliac arteries. All grafts were
made of coated polyester fiber (Dacron). After completion
of the proximal and distal anastomosis, a pneumoperi-
toneum was reestablished. The sac of the aneurysm and
the retroperitoneal layers were closed with a continuous
laparoscopic suture.
Endovascular AAA exclusion was performed with a
commercially available graft (Vanguard I and II, Talent;
(Boston Scientific, Natick, Mass, and Medtronic, Sunnyvale,
Calif). Graft configuration consisted of a tube graft, an aor-
touniiliac graft with a femorofemoral crossover graft, or a
bifurcated graft. All procedures were performed by vascu-
lar surgeons in the operating room with the patients under
general anesthesia. In a combined radiologic/vascular sur-
gical conference, the shape of the AAA was evaluated for
endovascular repair. Postoperative controls consisted of
duplex scans every 3 months and a spiral computed tomog-
raphy scan after 6 months.
Postoperatively, all patients were extubated in the
recovery room, and the nasogastric tube was removed.
They were permitted to drink during the evening of the
day of the operation. On the first postoperative day, the
patients were fully mobilized, started a liquid diet, and
began taking pain medication orally. The diet was subse-
quently advanced unless there were any clinical signs of a
postoperative ileus. After discharge from the vascular sur-
gical floor, all patients were seen regularly in the outpa-
tient department.
Postoperative morbidity occurring within the first 30
days or before hospital discharge was noted. Mortality was
defined as death occurring within 30 days of the proce-
dure or during the same hospital admission. Local and sys-
temic complications were recorded. If two or more
complications occurred in the same patient, only the most
significant complication was recorded to avoid duplica-
tion. Where applicable, mean values and the range of the
nominal data are presented. Patients who were converted
to an open procedure were included on an intention-to-
treat basis. The nonparametric Wilcoxon rank test was
used to analyze differences between groups.
RESULTS
Endovascular AAA exclusion was performed in 13
patients. In 24 patients, HALS AAA resection was carried
out as a minimal invasive alternative. In one of these
patients conversion to open surgery was required because
of an intraoperative bleeding problem from a lumbar vein.
This patient was included in the analysis on an intention-
to-treat basis. One patient in the laparoscopy group died
on the seventh postoperative day. The exact reason
remained unknown, but he was treated for symptomatic
angina before the operation. There were no deaths in the
endovascular group. In one patient an endoleak type II
was detected 6 months after AAA exclusion; it was proba-
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bly due to a patent IMA. Laparoscopy was performed, and
the IMA was clip ligated. Afterwards we could find a
reduction in the size of the sac of the aneurysm.
Thrombosis of a limb occurred in a patient with a
bifurcated endograft. This was treated with thrombec-
tomy and stent placement.
Considering the small sample size of patients in the
endovascular group, it is difficult to compare the number
of complications in both treatment groups (Table I). 
Adjunctive intraoperative procedures were performed
in four patients in the laparoscopic group. These included
a balloon angioplasty of the right common iliac artery
after tube graft implantation, reimplantation of the IMA
after laparoscopic endoaneurysm repair, and a profun-
daplasty. The repair of a hernia and a laparoscopic chole-
cystectomy after videoendoscopic aneurysm resection
were performed simultaneously in two patients.
A tube graft was implanted in 13 patients in the laparo-
scopic group (Table II). Suprarenal cross-clamping was
required in seven patients in this group. Mean renal
ischemia was 23 minutes (range, 15.0-34.0 minutes). A
bifurcated graft was implanted in 11 patients. In six cases
(8 of 11 patients), the distal anastomosis was performed
with the common iliac artery; in two patients the external
iliac artery was used, with a small extraperitoneal oblique
incision above the inguinal ligament as an access. In three
patients the anastomosis was performed with the common
femoral artery. A laparoscopic technique to accomplish the
distal anastomosis was required in only three of 11 patients
with the gasless videoendoscopic technique described. The
mean operating time was 198.1 minutes (range, 95.0-
395.0 minutes) in the laparoscopic group versus 149.2
minutes (range, 85.0-245.0 minutes) in those patients
treated with an endovascular device. Mean aortic cross-
clamp time did not exceed 59.2 minutes (range, 29.0-
120.0 minutes), in contrast to a mean aortic occlusion time
of 15.7 minutes in the endovascular group. Postoperative
body temperature was lower in the videoendoscopic group
(34.8°C vs 35.2°C). The intraoperative blood loss was
higher in the laparoscopic group (2.2 vs 1.1 units). 
A transperitoneal endoaneurysm repair could be
accomplished in most patients within 3 hours. As
expected, aortic ischemia was significantly shorter in the
endovascular group. In this group most patients were
transferred from the recovery room directly to the vascu-
lar floor in contrast to the laparoscopy group, in which all
patients were monitored in the intensive care unit (P <
.001). The operative time was shorter for an endovascular
repair (P < .06), and patients received significantly less
crystalloid solutions. The mean postoperative LOS was
7.4 days (range, 4.0-15.0 days) after laparoscopy-assisted
AAA resection versus 6.4 days (range, 3.0-12.0 days) after
endovascular aneurysm exclusion (P < .45).
DISCUSSION
Increasingly, patients with AAAs are treated with
endovascular techniques.10 However, there will remain a
substantial number of patients who still require conven-
tional surgical therapy. In our study we wanted to evaluate
whether laparoscopic AAA resection can be offered as a
minimal invasive alternative to patients unsuitable for
endovascular AAA repair.
The primary advantages of minimal invasive endo-
scopic procedures are a faster postoperative recovery and a
reduced surgical trauma.11 With HALS aortic reconstruc-
tive procedures can be performed with a minilaparotomy
only. The mini-incision permits the surgeon to use a wider
array of instruments.12 The surgeon can use conventional
clamps and more efficient suction devices or needle hold-
ers without fear of compromising the operative cavity. As
a hybrid approach, HALS expands the armamentarium of
the vascular surgeon who is perhaps less experienced in
advanced laparoscopic techniques.
According to our study design, patients unsuitable for
an endovascular repair were chosen for the laparoscopic
procedure. This group consisted of patients with a short
aortic neck, severe angulation or stenosis of the iliac arter-
ies, and other morphologic criteria that made an endovas-
cular repair more difficult. We can assume that these cases
are even more challenging when a laparoscopic technique
is used, compared with a conventional operation. Our fea-
sibility study shows that laparoscopic techniques can be
offered to most patients presenting with an AAA. 
This is the first study of hand-assisted laparoscopic
endoaneurysm repair involving a larger number of
patients. The operations can be performed with expedi-
ence and safety. Therefore, it can even be offered to
patients with aneurysms treated in a department with a
high case load and problems with operating room capac-
ity. The design of our study is obviously limited in that
patients were not randomized into the two treatment
arms. Patients were recruited on the basis of their prefer-
ence for an endovascular procedure. A potential for bias
inherent in this design remains, because we have some
experience with laparoscopic aortic surgery. The propor-
tion of patients treated with a stent-graft would probably
be higher in some endovascular centers. A prospective,
randomized trial would clearly be ideal to evaluate both
techniques.
Our results show that most patients with an AAA can
be treated by means of HALS with operating times rang-
ing between 2.5 and 3 hours and a mean aortic cross-
clamp time of 1 hour or less. The need for suprarenal
cross-clamping was not necessarily a reason to convert to
open surgery. In most cases the time required for
laparoscopy did not take longer than 30 to 40 minutes.
The hand represents the best-known intestinal retrac-
tor until now, and the ability to use the hand for retraction
in laparoscopic AAA surgery greatly facilitates these oper-
ations. With HALS, palpation of the aorta is possible, and
cross-clamping of a nondiseased or calcified segment can
be performed with much greater confidence than in total
laparoscopic aortic operations.13
Meanwhile, we have some experience with different
laparoscopic exposures of the infrarenal aorta using hand-
assisted techniques in patients with aneurysmal or occlusive
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disease. In our practice the transperitoneal laparoscopic
approach could be performed faster and with fewer com-
plications compared with a retroperitoneal or a left retro-
colic videoendoscopic incision.14 However, retroperitoneal
exposure permits easier access to the juxtarenal aorta, par-
ticularly in obese patients.15 Most laparoscopic operations
for aortoiliac occlusive disease in our unit are performed
with a low transverse incision and HALS. We think that an
access in the lower abdomen causes less respiratory prob-
lems in high-risk patients compared with a longitudinal
incision in the upper abdomen.
Obesity was no contraindication for a laparoscopic
operation, although it was our impression that in this sub-
group of patients the operation lasted longer and was
technically more demanding. The size of the aneurysm did
not necessarily prevent us from laparoscopically dissecting
the neck of the AAA. The magnified view of the 30-
degree-angled camera helped in exposing the aorta up to
the origin of the renal arteries.
Laparoscopic aneurysm exclusion as an alternative to
endovascular repair with a retroperitoneal access was first
described by Edoga et al.15 They performed complete
exclusion of the AAA with meticulous ligation of lumbar
branches and the IMA. An aortobifemoral or an aortobiil-
iac bypass operation was subsequently performed through
a 4-cm incision. 
Our preliminary experience leads us to believe that
many of the technological barriers to laparoscopic endo-
aneurysm resection have been overcome. Future advances
in instrumentation, including single-shot stapling devices
for the proximal anastomosis, will further facilitate
videoendoscopic aneurysm surgery. In our experience the
learning curve for vascular surgeons who want to set up a
laparoscopic aortic program is considerably less steep with
HALS compared with a total laparoscopic approach.
One potential benefit of laparoscopic aneurysm surgery
is the minimalization of the size of the incision and the
reduction of the perioperative and late adverse effects of a
full-length laparotomy. Our results show that a 6-cm
HandPort incision for endoaneurysm surgery leads to a more
rapid recovery than a 30- to 35-cm median laparotomy.
When we compare the results of the laparoscopic
operations with a contemporary consecutive series of
patients operated on conventionally (24 AAA cases), we
find that the mean total operative time was longer after
hand-assisted AAA resection compared with conventional
surgery (198.2 minutes vs 135.7 minutes). Although
operative time and aortic cross-clamp time were longer
(59.2 minutes vs 34.3 minutes) compared with open
surgery, postoperative recovery time and hospital stay
were significantly shorter (7.43 vs 9.37 days) after the
laparoscopic operation. 
In a recent paper, minimal incision repair was reported
as an alternative, less invasive technique compared with
open and laparoscopic surgery.16 In our own experience,
the minilaparotomy required for this technique is signifi-
cantly larger compared with the 7-cm incision we used in
our series. This does not necessarily affect the postopera-
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tive course of patients with aneurysms, but laparoscopi-
cally, we can inspect the whole abdomen, which increases
the safety of the procedure, especially in obese patients
with adhesions. It can be impossible to perform an aortic
reconstruction with a biiliac graft after a limited conven-
tional dissection. Laparoscopic exposure gives us the safety
required to prevent damage to other organs when expos-
ing the infrarenal aorta.17
We think that endovascular AAA repair and an incision
in the groin are still less invasive compared with a minilap-
arotomy, yet this did not significantly affect the postoper-
ative course and the hospital stay of our patients. The
technique described is safe and can be reproduced by vas-
cular surgeons with basic laparoscopic skills. In conclu-
sion, laparoscopic aneurysm resection can be offered
routinely to patients with AAA who are unsuitable for an
endovascular repair.18 However, a clinical study is clearly
necessary until we know the true place of laparoscopic
endoaneurysm repair.
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